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HYDROCYANIC ACID GAS POISONING BY ABSORPTION THROUGH 
THE SKIN* 


Puitie DRINKER 
Department of Industrial Hygiene, llarvard School of Public Health, Boston, Mass. 


HROUGH the Health Labora- 
tory Section of the United 
States Bureau of Mines, the 


attention of this laboratory was called 
to the dangers of serious accidents from 
cutaneous absorption of hydrocyanic 
acid gas. As this subject has received 
little attention in the literature, we 
quote the following account of three 
cases which were sufficiently serious 
to warrant definite precautions being 
taken by users of this fumigant: 
Three men were wearing gas masks in an 
atmosphere containing approximately 2 per 
cent. of hydroeyanie acid gas and the masks 
were giving excellent respiratory protec- 
tion. After eight or ten minutes, however, 
the men felt symptoms of marked dizziness, 
weakness, and pulse. They 
immediately left the poisonous atmosphere 


throbbing 


and were just in time to avoid collapse and 
Marked and 
high pulse rate, together with a headache, 
persisted for several hours after exposure, 


unconsciousness. weakness 


and the men were incapacitated for two or 
three days. However, recovery was appar- 


ently complete at the end of that time. 


* Received for publication Noy. 6, 1931. 


In the literature, Walton and Wither- 
spoon (1) state that “hydrocyanic 
acid gas is absorbed by the skin of dogs 
and guinea pigs. Whether or not the 
outcome is fatal depends upon the 
concentration of the gas.’’ 

In its article on hydroeyanie acid, 
the International Labour Office (2) 
mentions briefly the possibility of 
cutaneous absorption. Schitze’s (3) 
experiments on both animals and man 
indicate that serious accidents to man 
might oceur. Yant (4) gives the most 
complete account of a ‘‘near aecident”’ 
from cutaneous absorption that has 
yet been published. Williams (5) 
recognizes cutaneous absorption in an 
excellent practical paper on the use 
of hydroeyanic acid as a fumigant. 

The books by Vedder (6), Hamilton 
(7), Henderson and Haggard (8), and 
Klury and Zernik (9) do not mention 
the possibility of cutaneous absorp- 
tion of the gas. It is 
well 


more or less 
that 


eyanie acid in aqueous solution can 


known, however, hydro- 








be absorbed through cpen cuts or 
wounds. ‘The absence of information 
in the four authoritative books above 
mentioned is ample proof, in our 
opinion, that the possibility of cuta- 
neous absorption of hydroeyanie acid 
gas is rather generally unknown. 

To those of us who are concerned 
even indirectly with the development 
of industrial gas masks, it is gratifying 
to note that since Aug. 24, 1928, the 
Mines has 


sureau of required the 
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following label on canisters approved 
for use against hydrocyanic acid gas: 

While this canister will give respiratory 
protection in atmospheres containing 2 per 
cent. hydrocyanic acid gas, it is not safe to 
encounter such high concentrations because 
the gas is absorbed through the unprotected 
skin of the body and in that manner will 
produce poisoning. 

SUMMARY 

This is a brief discussion of cuta- 
neous absorption of hydroeyanie acid 
gas, with a bibliography. 
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THE NORMALSENSITIVITY OF THE CARDIO-INHIBITORY CENTER* 


WALTER R. Mines, Px.D. 


Stanford University, California 


INTRODUCTION 


HIS is an investigation of the 

changes found in heart rate dur- 

ing quiet relaxation in a steamer 
chair, during the exertion of chinning a 
bar directly above the chair, and dur- 
ing relaxation in the chair following 
this exertion. Continuous electrocar- 
diograph reeords were taken covering 
these three consecutive phases. This 
type of examination appears to offer 
possibilities as a practical test of the 
sensitivity of the 
center. 

The numerous studies carried out on 
the heart rate response to work and 
rest have usually followed the routine 
of making counts or taking records be- 
fore and after the activity. The work 
period itself has seldom been repre- 
sented by any direct 
Bowen (1), who gives an excellent re- 
view of the earlier studies, contributed 
data which largely filled in this gap. 
He placed an uncovered tambour, 5 
em. in diameter, directly against the 
skin over the carotid, and held it in po- 
sition with a U-shaped spring. 


eardio-inhibitory 


observations. 


The 
skin of the patient’s neck formed the 
cover forthe tambour. By means of a 
headrest, the head and neck were kept 
quiet for recording pulses while the 
subject rode a bicycle ergometer. The 


* Received for publication Sept. 1, 1931. 
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continuous tracings taken throughout 
rest, work, and recuperation could be 
measured for the duration of individual 
heart eyeles. The muscular work 
could be started with great promptness 
when it consisted in tapping a tele- 
graph key, and Bowen (pp. 468 and 
470) found that ‘‘with the next cycle 
after the work begins there is a marked 
change. 
one before in every case; the amount of 


The eyele is shorter than the 


the change is in general much greater 
the 
decrease continues without interrup- 
tion for several cycles following. Such 
changes must without question be at- 
tributed to the work.” He found also 
(p. 470) “that the acceleration of the 
pulse at the beginning of muscular 


than the preceding changes; and 


work is wholly due to a shortening of 
the diastole; in other words, we have 
no evidence from the pulse curve of 
any response on the part of the heart 
until the end of the next cycle after 
the work begins. ‘The delay, therefore, 
which occurs between the beginning of 
the and the first evidence of 
quickened heart action shown by the 


work 


pulse curve varied in the twenty-three 
cases between one and two heart cycles 
as its extreme limits.” Buchanan (2) 
succeeded in taking electrocardiograms 
showing particularly the change in the 
heart evyele duration from rest to vol- 


untary muscular stiffening, or to grip 
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exertions on a hand dynamometer. 
The results confirmed the acceleration 
in the heart rate with the first cardiae 
cycle following the beginning of exer- 
cise. 

Aulo (3), in his earlier study on the 
problem of heart rate response to work, 
recorded pulse before and immediately 
after physical exercise, which consisted 
in jumping up and down. He demon- 
strated the close parallelism between 
heart rate and body temperature, and 
showed that passive movements pro- 
duced practically no change in heari 
In 1911, Aulo (4) extended his 
observations to include the period of 


rate, 


exercise for two subjects, and plotted 
curves from the measurement of indi- 
vidual heart cyeles. The subjects re- 
clined in sn easy chair or on a bed and 
performed physical exertion by volun- 
tary stiffening of the large muscles of 
the body, with the exception of the 
right arm, to which his sphygmographie 
unit was attached. No periods of ac- 
tivity of less than sixty seconds are 
reported, but he states that from a 
resting pulse of 67 per minute there 
was a change to from 73.5 to 83 in a 
period of from two to ten seconds after 


Mueh fur- 
therinformation on the transition from 


starting muscle stiffening. 


rest. to work, ineluding especially re- 
spiratory funetions, resulted from the 
research of Krogh and Lindhard (5). 
They published further electrocardio- 
eraphie data supplied them by Miss 
suchanan (5, p. 117) for seven cases 
where there was a transition from rest 

The 


were doubtless different, 


(to work on a stationary trieyele. 
work rates 
but I have averaged these results and 
they show the following in heart rate 
per minute: 
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Average 
Heart Rate 
per Min. 


Pe riod 


Resting | ee ere A .. 60 
After start of work 

tr erat eG Sen 79 

Oe I oon ig heed aig SPSS oss Bees 87 

I SP eee ge ene oe 98 

ICD: 8 Ot onal whe f'n kg el 102 


Krogh and Lindhard, also from their 
own data (and in later experiments (6) 
they get confirmatory results), affirm 
the prompt decrease in heart cycle du- 
ration, and find also a very abrupt in- 
crease in total ventilation, with all 
rates of work from 300 to 2,200 kg.m. 
per minute. ‘They present evidence to 
indicate a psychologic factor in the in- 
On 
the signal to begin intense work, sub- 


itiation of this ventilation change. 


jects may start very heavy breathing 
and continue this for some seconds, 
even though the actual bicycle work is 
light. (See their account on 
pages 115-116, and their Figure 4.) On 
the contrary, for the absorption of oxy- 


very 


gen at the beginning of work, they 
found a latent period of about two sec- 
onds during which there might even be 
some decrease in absorption rate. They 
concluded that the rise in ventilation, 
like the increase in heart rate, is prob- 
ably produced not reflexly but by irra- 
diation of impulses from the motor 
cortex, particularly as they noted that 
deep and frequent respiration can be 
induced without any load on the ergom- 
eter, when the subject is led to expect 
Almost 
within the same year, Gasser and Meek 


that the work will be heavy. 


(7) were also working on the mecha- 
nisms by which muscular exercise pro- 
duces acceleration of the heart. They 


took eleectrocardiograph records on 
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dogs, and confirmed the finding of 
Sowen and Buchanan that accelera- 
tion takes place as early as the heart 
cycle following the initiation of exer- 
They found also that this accel- 
eration at the beginning of work per- 
sists after the surgical removal of the 
accelerator mechanism. ‘The resuits 
for exercise were practically the same 
in six dogs before and after the removal 
of the stellate ganglia, whereas acceler- 
ation on exercise was reduced after 
section of the vagi, provided all as- 
phyxial effects were excluded. 

From these experiments and others 
that might be cited, it appears that the 
prompt decrease in heart cycle dura- 
tion which begins at the moment of ex- 
ercise and continues progressively for 
several seconds, when the work is of 
brief duration (sixty seconds or less), 
may be accredited to a decrease in the 
tonus of the cardio-inhibitory center, 
occasioned by the irradiation of corti- 
cal impulses. Therefore, it seems le- 
gitimate to use these prompt changes 
in heart rate produced under standard- 
ized conditions as indicative of the 
state and sensitivity of this center. 
Proceeding on this assumption, the 
writer has used a measurement of this 
kind in studying the effect of alcohol 
on the human organism (8), and later 
for examining the effects of prolonged 
restricted diet on a group of young 
men (9). Both these sets of results 
have been fully presented and need not 
be reviewed here. They were pub- 
lished as continuously plotted curves 
for individual heart cycle durations. 
Such graphs are found to be quite 
smooth and regular, but they naturally 
present considerable individual varia- 
tion between subjects, and it is diffi- 
cult to make quantitative comparisons 


cise, 
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between them. In the present study 
an effort has been made to handle such 
data in a way more conformable to 
statistical treatment. By this the 
writer does not mean to imply that he 
favors the statistical as against the 
qualitative comparisons. Rather, the 
object in presenting heart cycle dura- 
tion averages for four-second periods, 
as against plotting each individual 
heart cycle duration, is solely for the 
purpose of simplifying the general pic- 
ture, making its main features more 
apparent, and the possible clinical ap- 
plications more easily judged. 


METHOD AND PROCEDURE 


For securing a quick transition from 
quiet to physical exertion, nothing 
seems more favorable than the volun- 
tary stiffening of the musculature, as 
used by Buchanan (2), Aulo (4), and 
Miles (8). However, a difficulty arises 
in prescribing and securing any certain 
degree of exertion by meansof this task. 
The stiffening may be primarily in one 
portion of the body (Aulo’s work re- 
quired that it should not involve the 
right arm). It may be intense at first, 
and then gradually diminish, or it may 
show any one of a number of varia- 
tions. Dodge (10) had his subjects 
stand for sixty seconds and then per- 
form two genuflections, which required 
five orsixseconds. He does not report 
continuous heart rates before, during, 
and after the work, but gives the levels 
for the three periods. Of course the 
standing posture itself prescribes a 
heart rate well above normal, and Tur- 
ner (11) has shown that it is essentially 
quite a difficult task and that in some 
cases the circulation adapts itself with 
greater ease to exercise than to quiet 
standing. 





















‘The exercise in the present experi- 
ment was the same as that used with 
the men on restricted diet (9). The 
subject reclined in a low steamer chair, 
the back of which was placed at an an- 
gle of 30 degrees from the vertical. 
The chair had a cane seat, and the 
back was fitted with a long pillow. 
Subjects could recline comfortably with 
their legs stretched out and their feet 
touching the floor. Parallel with the 
front edge of the chair seat and 4 feet 
above its center, a stout wooden bar 
The 


subject, by leaning forward slightly, 


Was suspended from two chains. 


eould grasp this bar and pull himself 
up to the position of “‘ehinning it.’’? In 
this exercise he lifted his body a verti- 
eal distance of 2 feet, held it up for 
about seven seconds, and then lowered 
This task has the 
that it can be initiated 


it to the chair again. 
advantages 
quickly from the reclining posture, and 
as promptly terminated; it is easily de- 
finable and very objective; it requires 
vigorous exertion but the intensity is 
appropriate to the individual in that he 
is used to moving and lifting his own 
body. ‘The task is a mixture of posi- 
tive, static, and negative work, and 
does not lend itself wholly to quantita- 
tive statement such as may be made 
for performance on the bicycle ergom- 
and Steven- 
son (12) have pointed out, the usual 


eter. But as Catheart 
physical tasks of everyday life are just 
such mixtures, and it iseommon knowl- 
edge that the statie phase, as a rule, is 
subjectively the most difficult and ex- 
hausting. 

By way of explaining and instruct- 
ing each subjeet, the experimenter 
himself reclined in the chair for a short 
period, then quickly grasped the bar, 
drew himself up, thrust his feet out free 
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from any other support, held this posi- 
tion for about seven seconds, breathing 
the while, then as promptly lowered his 
body to the chair and again relaxed as 
quickly and as much as possible. Fol- 
lowing this demonstration the subject 
took his position in the chair and after 
several seconds responded to the vo- 
eal signal ‘‘up”’ by lifting himself, held 
his position while the experimenter 
counted to eight seconds in rhythm 
with a large clock directly in view, then 
to the vocal signal “down,” lowered 
himself and relaxed. 
cedure was gone through by demonstra- 
tion and by preliminary trial with each 
subject. At the preliminary trial the 
body electrodes were in place, the light 


This simple pro- 


was turned on for the string galva- 
nometer, and the camera was running. 
This was for the purpose of adapting 
him to all the conditions that might 
serve When 
two minutes had elapsed after the pre- 


as psychologic stimuli. 


liminary trial, the real and recorded 
test was made in identically the same 
form except that the subject was in cir- 
cuit with thestring, and paper was pass- 
soth these 
details were undetectable by thesubject 
whose heart rate was being recorded. 


ing through the camera. 


A contact mechanism located at one 
end of the bar caused a circu.2Y hrough 
a signal marker to be closed when pres- 
sure was applied to the bar. This in- 
dicated the moment when the subject 
began his lift and the final moment of 
release of his weight. Each electrode 
Was a simple, rather soft pad, made of 
several thicknesses of cotton gauze 
placed over a thin sheet of German sil- 
ver 4 by 7 inches, with a pad of felt on 
the other side of the metal. ‘These 
electrodes were moistened with salt 


solution and placed in contact with the 


J. 1. Hi. 


Jan., 1932 
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skin directly below the axilla. They 
were held in position by two strips of 
rubber webbing encircling the body 
with rather slight tension. The re- 
sulting electrocardiogram from these 
electrodes so placed ordinarily approxi- 
mates lead I. However, the tracings 
are modified from the usual form by 
the fact that electrical condensers, in 
the amount of 12 microfarads, were 
Such 
an arrangement is practically neces- 
sary in order to minimize deflections in 
the base line and to reduce all slow 
changesin potential, suchas occur from 
movements of the arms and trunk. 
Therefore the records show diminished 
P and T waves, while the R wave is 
even sharper than usual. Sucha tech- 
nie is practically ideal for recording 
heart rate during physical work as it 
allows the subject great freedom for 
movement. To be sure, the action 
currents from other muscles cause de- 
flections of the string, but usually the 
R waves are easily distinguishable 
among these disturbances.  Illustra- 
tive records may be seen in (8), Figure 
11, A and B, and in (9), Figure 24. 
The records were taken with the Cam- 
bridge model of the string galvano- 
meter recording on paper which was 
moved,y the rate of 20 mm. per sec- 
ond. As stated, the records were con- 
tinuous during a period of from eight 
to ten seconds preceding exertion 
(quiet), throughout the eight to nine 
seconds of physical work on the bar 
(exertion), and during twenty to thirty 
seconds following the exercise (recu- 


placed in series with the string. 


peration). ‘The heart cycle durations 


were measured to 0.1 mm. ‘The rate 
at which the paper was moving was 
also measured from the accurate time 
line included on the record. from 


Vol. 14 
No. ] 


these two measurements the heart cy- 
cle duration in thousandths of a sec- 
ond was computed. 

The subjects were all young men in 
prime physical condition who had 
recently passed a rigid physical exami- 
nation and had been accepted for avia- 
tion service.! The men were a very 
select lot, ranging in age from about 20 
to 25. ‘They were examined individu- 
ally in the evening, 7 to 9 p.m., and the 
writer personally made all the exami- 
nations. 

Three or four minutes after a subject 
had been given his test for chinning the 
bar a record was made to show the in- 
crease in heart rate occasioned by the 
simple rapid oscillation of the finger. 
The subject sat erect in the steamer 
chair, rested his arm (usually the right ) 
on a convenient support, and grasped 
a post of comfortable size to steady the 
hand. Light weight aluminium levers 
were attached to the first and second 
fingers, and at a vocal signal from the 
experimenter the subject executed fin- 
ger movements as rapidly as possible 
for a period of eight seconds. ‘The re- 
sulting records were measured in the 
manner previously described. 


RESULTS AND DISCUSSION 


The three periods, quiet, exertion, 
and recuperation, represented in our 
continuous electrocardiograms have 
each been divided into four-second in- 
tervals. 
ration for each such interval has been 
carefully determined for each of thirty- 


six subjects, the records on whom 


The average heart cycle du- 


showed as much as twenty seconds of 


recuperation. These data for the 

1 These data were secured at the Nutri- 
tion Laboratory, Boston, of the Carnegie 
Institution of Washington, to which the 


writer wishes to express his obligations. 
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thirty-six men have been simply ar- 
ranged in Table 1, which shows the 
subject’s number at the left, followed 
by height and weight (net), and then 
by the three general divisions of heart 
eyele data. The heart eyele duration 
values have all been measured from 
the peak of R to the peak of R. In 
tour seconds of the resting period from 
four to six heart eyeles would be in- 
cluded, while a similar time interval 
during exertion would include from six 
All the heart eycle du- 
ration values are given in terms of 
thousandths of a second (0.001 see.), 


to nine cycles. 


indicated in the text by o. For the 
convenience of those who may wish to 
transpose these eyele lengths into terms 
of pulse rates per minute, the following 


scale of equivalents is included: 


Cycle Length Heart Rat 

v per Min. 
1,200 50 
1,150 52 
1, 100 54 
1 ,Q50 57 
1, O00 60 
990 63 
900 67 
S50 71 
SOU 75 
750 Qt) 
700 Q5 
HOO Q9 
600 100 
900 110 
900 120 


The plus and minus signs used in the 
body of the table indicate respectively 


that a valueis longer or shorter (slower 


rate or faster rate) than the value 
immediately at the left. The signs 


have been employed to distinguish in- 
dividual variation. 
We may consider first the general 


averages exhibited en the hottom ot 








Table 1. The heart cycle duration 
values in the first period of quiet aver- 
age 8320, in the second four seconds, 
808c. This change, although not 
large (about 8 per cent.), probably in- 
dicates the psychologic factor men- 
tioned by Krogh and Lindhard (5), 
that is, expectation of the signal and 
preparation for exertion. The aver- 
age rate during quiet was therefore 
from 72 to 74 per minute. In the first 
half of the exertion period, it suddenly 
increases to about 100 per minute 
(6040), with a further moderate in- 
crease during the second half of the 
exertion. In the first four seconds of 
recuperation the rate remains practi- 
cally at the level which it has finally 
reached during exertion. Then the 
heart eyele lengthens promptly and 
evenly for the next twelve seconds, 
so that by the fourth period of reeu- 
peration it has reached 807¢, which is 
equivalent to 74 per minute. In the 
last four seconds of recuperation repre- 
sented in these records there is a slight 
tendency for rebound to a faster rate. 
The general result therefore might be 
stated as follows: For young men with- 
out observable heart lesions or circu- 
latory insufficiencies the exertion from 
lifting the body with the arms a verti- 
eal distance of about 2 feet, holding 
the position for seven seconds, and 
then lowering the body promptly for 
relaxation in a steamer chair increases 
the pulse rate from 73 to about 110 
per minute, and the normal sensitivity 
of the eardio-inhibitory center is such 
that the heart will return to its prior 
rate within sixteen to twenty seconds. 

The foregoing statement is based en- 
tirely on averages; no consideration is 
given to individual differences in (a) 
direction of 


amount of change, or (fh) 


Se Bs Be 
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change occasioned by this exertion rou- 
tine. ‘The former is given in Table 1 
quantitatively as mean variation 
(M.V.), and relatively as coefficient of 
variation in per cent. (C.V.). At this 
point it will be useful to consider the 
averages and variability values for 
height and weight. The average 
height, for the thirty subjects on whom 
ii had been recorded, was 69 inches. 
‘The mean of the differences bet ween 69 
and all the individua! heights was 1.9 
inches, which equals 2.8 per cent. of 69, 
the general average. ‘Therefore we 
may say that the average variability in 
stature shown by this group of men 
amounted to 2.8 per cent.2. The cor- 
responding value for weight is here 8.3 
percent. Adults vary in weight much 
more than in height, as indeed we 
should expect from the fact that weight 
tends to be a cube measure, while 
height is simply one linear diameter. 
Turning now to the amount of varia- 
tion in heart cycle duration, we find 
12.1 per cent. in the first four seconds 
of quiet. With the slight increase in 
heart rate as the period of exertion 
drew nearer there was a drop to 10.4 
per cent. During actual exertion the 
coefficient of variation drops to 7.8 and 
8.6 per cent. In recuperation it in- 
creases during the first three periods, 
again reaching 12.1 per cent., from 
which there is a slight reduction during 
the last two recorded periods. ‘These 
variability values show regularly and 
quantitatively what we know already 
clinically, that there is greater differ- 
ence between individuals in the rest- 


2Ordinary sample groups of unselected 
adults for coefficient of variation of stature 
commonly show about 3 or 4 per cent., while 
for body weight the comparable value is 
usually 12 per cent. or more (13, Tables I 
and II, and p. 179). 


Vol. 14 
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ing heart rate than exists under condi- 
tions of exertion. A given exertion 
prescribes something approximating a 
certain heart rate. There were four 
subjects, Nos. 60, 28, 36, and 31, who, 
during quiet, showed heart cycle du- 
rations of 1,000 or more. All of these 
subjects in the exertion period went to 
values in the 600’s, as was characteris- 
tic of the average subject. Physical 
work drives us all more homogenously 
toward the top limiting rate than rest 
can quiet us in the direction of the 
minimal rate; or we may say that dif- 
ferent tonus levels of the cardio-inhibi- 
tory center exhibit themselves more 
strikingly during rest, but perhaps 
more certainly during work. ‘The de- 
crease in variability seems even more 
prompt than the increase in heart rate, 
and the changes are fully as large in 
magnitude as the percentage changes 
in heart cycle duration. 

The individual differences 
the thirty-six men in reference to direc- 


among 


tion of change in heart cycle duration 
from the exertion are made evident by 
use of the signs in the table. In the 
second period of quiet it is found that 
there were nineteen cases where the 
heart cycle duration was less than in 
the preceding four seconds. ‘This prob- 
ably shows subjective preparation for 
the exertion. In the first half of the 
exertion period the physical work re- 
quired to lift the body invariably had 
sufficient action on the cardio-inhibi- 
tory center to produce an appreciable 
increase in rate over what had _ pre- 
ceded. Analysis of the general results 
stated in combination with the fre- 
quency of individual difference gives 
us the following findings for the set of 
experimental conditions used: (1) A 
slight amount of change occurred in 
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heart eyele duration during the quiet 
period. Only two subjects, Nos. 26 
and 50, showed no change, and No. 62 
almost no change, while nineteen gave 
decreases. Onthe average there wasa 
3 per cent. decrease, possibly from ex- 
pectation of the signal to begin work. 
(2) There was an average decrease of 
25 per cent. in the first portion of the 
exertion period, and everybody showed 
which averaged 204¢ and 
ranged from 740, No. 47, to 390c, No. 
10. (3) Inthe last half of the exertion 
period there was an average further de- 


decrease 


crease of 5 per cent. in heart cycle du- 
ration, but there were eight exceptions 
to the direction of this change. (4) 
In the first period of relaxation there 
was a further decrease in heart cycle 
duration, on the average 1 per cent.: 
twenty-four men showed decrease, but 
twelve gave the opposite change, from 
which we must conelude that it is gener- 
ally characteristic for the heart to con- 
tinue and even slightly increase its rate 
just following an initial short period of 
exertion. (5) In the second period of 
recuperation there was an increase in 
heart eyele duration (slower rate) 
amounting on the average to 12 per 
ecent., bringing the heart rate to within 
I) per cent. of its value just before 
work. ‘There are six exceptions to 
this direction. (6) In the third period 
of recuperation there is a pronounced 
increase, bringing the heart rate to 
within LO per cent. of the original value, 
and there is only One exception to the 
cenernl direction shown. (7) For the 
fourth period of recuperation there is a 


further increase to exactly the start 


] 


value. ‘There are six exceptions. (S) 
In the last period of recuperation there 
is, on the average, a decrease of 1 per 


cent.. but there were seventeen men 


who showed decrease, one no change, 
and eighteen who showed slight in- 
creases in this period. The general 
picture for heart cycle duration for the 
eight periods compared, the second 
period of quiet to the last period of re- 
cuperation, might be represented by the 
following values, proceeding from left 
to right: 100; 75, 70; 69, 81,90, 100, 99. 
The italicized values, although of 
course not free from individual differ- 
ence, are the particularly stable points. 

If we may take this group of thirty- 
six young men as representative for 
the normal sensitivity and response 
characteristics of the cardio-inhibitory 
center, then the ratios displayed in the 
paragraph above may be considered 
the typical results for the conditions 
used and for the amount of exertion re- 
quired. Proceeding on this basis, can 
we now distinguish any different tvpes 
of eardio-inhibitory adjustment among 
these thirty-six men who have been 
[t is of course 


, 
{ 


perfectly obvious that promptness of 


given the same test? 
recovery may serve for one basis of 
classification. The subjects have been 
entered in Table 1 on this basis, placing 
at the top those who exhibit the most 
pronounced recovery by the last eight 
seconds of recuperation. 

Another possible basis for distin- 
guishing types rests in the element of 
regularity or smoothness of recovery, 
as against oscillatory changes, where 
adjustment is reached by approxima- 
tions, as in an instrument which in de- 
flecting overshoots. Considering the 
number of exceptions to the general 
in the 
columns for the last half of exertion 


tendencies shown in ‘Table 1, 


and the first two periods of recupera- 
tion, it seems probable that we should 
in the first place classify eardio-inhibi- 


re? 


Jan., 1932 
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tory adjustments as of two types: regu- 
lar and oscillatory. Each of these two 
ceneral types might be further defined 
in terms of three temporal classes: 
prompt, average-speed,andslow. Sub- 
ject No. 25 shows a eardio-inhibitory 
adjustment that may be classified as 
regular-prompt. No. 30 appears to be 
oscillatory-prompt. No. 8, at the bot- 
tom of the table, would be classified as 
oscillatory-slow in adjustment, and the 
same would apply to No. 10, while No. 
44 is regular and slow. Regular and 
oscillatory are of course used here 
simply as relative terms, with full 
recognition that every neuromuscular 
adjustment is likely oscillatory at base, 
the adjustment balance swinging more 
or less back and forth through a theo- 
retically optimal point. 

The eight subjects who show no in- 
creased rate in the latter part of exer- 
tion are certainly a very interesting 
group, and one on which much supple- 
mentary data would be useful. Four 
of these eight men, Nos. 30, 28, 10, 
and 8, show minus signs in the second 
or third period of recuperation, which 
takes them into the group of excep- 
tions and probably classifies their car- 
dio-inhibitory adjustment as of the 
distinet oscillatory type. The other 
four men, Nos. 47, 58, 31, and 32, all 
show minus signs in the first period of 
recuperation, which seems typical, and 
they do not show any such sign in the 
For Nos. 47 and 58 
the slowing is so slight that probably 


next two periods. 


they should be counted as regular- 
With Nos. 31 and 32, 
the slowing of the last half of exertion 
is very considerable. Both these men 
also showed marked rise in the last half 
of the quiet period. though 
there had been a preliminary trial, pos- 


average-speed. 


liven 
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sibly they anticipated that the work 
would be more difficult than it really 
proved. The realization immediately 
after exertion that they had accom- 
plished it easily may have served as an 
inhibitory stimulus, heightening the 
tonus of the center and thus decreas- 
ing the heart rate. If this explanation 
is correct, then No. 32 would be classi- 
fied as regular-slow, and No. 31 pos- 
sibly as oscillatory-slow. 

Records of the type described for 
this test of sensitivity in the eardio- 
inhibitory center were taken on a total 
group of fifty-seven comparable young 
men, but unfortunately in several cases 
the records did not extend long enough 
into the recuperation phase. ‘The en- 
tire group of fifty-seven cases has been 
worked up in a slightly different man- 
ner from that above discussed, and the 
averages for this new arrangement are 
presented in Table 2. For the prelimi- 
nary period of quiet one average heart 
cycle duration is given, which is 856c, 
with a probable error of 0.01llo. The 
period of exertion is divided as before 
into two four-second intervals, and for 
recuperation the first ten seconds is 
divided into two five-second intervals. 
The values shown give a general pic- 
ture much like the comparable portion 
of Table 1. 


of men, 


As with the smaller group 
the coefficient of variation 
(C.V.) is found to be less during exer- 
tion than in the periods for quiet or re- 
cuperation. The percentages of in- 
crease in heart rate (decrease in heart 
eycle duration) are shown in the line 
marked “ratio.’”’ Here the average in- 
creased rate with exertion in the first 
four seconds is 28 per cent., as com- 
pared with 25 per cent. for Table 1, 
where the basis of comparison was the 
heart cyele duration in the last half of 
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the quiet period, rather than the aver- 
age of the quiet period. In Table 2, in 
the last five seconds of recuperation 
the value reaches 21 per cent. increase, 
which is a little higher than would be 
expected from Table 1. 

[In the lower portion of Table 2 the 
men have been classified in relation to 
body weight and height. The twenty- 
five men with weight greater than 147 
RESULTS 


TABLE 2.—AVERAGE 


ON 


INDUSTRIAL HYGIENE 


the greater number of foot pounds of 
work, in general showed the larger in- 
creases in heart rate. The assumption 
that the task was physiologically and 
psychologically equal for the different 
men is not fully borne out. 

Men who had stature greater than 
69 inches showed heart rates con- 
siderably than those who 
were shorter. ‘The taller men, who 


slower 


PIFTY-SEVEN YOUNG MEN FOR 


CHANGES IN HEART RATE DURING AND IMMEDIATELY FOLLOWING 
EXERTION 


(Heart cycle durations in thousandths of a second) 


HEART CYCLE DURATION DURING 


SUBJECT GROUPS 
Quiet lixertion tecuperation 
No. Height Weight | Prelimi- | 44x 2-4" 1-5” 2-5" 
nary 
i?vt. lbs. oO Oo Co | Co oO 
Av 69.4 +0.23 148.2 41.5 856 +011 | 619 +006 | 583 +006 | 588 +007 |680 +008 
_. |8.D 2.5 40.16) 14.8 £0.94 120 +008 | 063 +004 | 068 +004 | 073 +005 093 +006 
"1C.V...! 3.6% 10.0% 14.19% 10.2% 11.7% 12.4% | 13.6% 
Ratio 287, 3207 310% | 21% 
on JAV ..... | Over 147 833 628 596 97 716 
“" ) Ratio vee > | 29% 38% 3707 19% 
{Ay | ia 147 or less 836 616 580 589 662 
” ) Ratio 26% 310; 30% 21% 
~ Av over 69 | 935 634 609 614 711 
-" | Ratio 3907 35% 3407 24% 
| Av....| 69 or less 825 612 568 573 666 
“° Ratio. 2607 310; 3107 190 


pounds showed greater increases in 
heart rate during the work, and in the 
first portion of recuperation, than were 
found for the men weighing 147 pounds 
or less. The differences, considering 
their uniformity, are large enough to 
be significant, particularly when we 
note that the preliminary heart cycle 
were so 
The 
did 


duration values before work 
nearly the same, 833 and 836c. 
men who, by lifting their bodies, 


were of course in many instances also 
the the 
ereater percentage increases from the 


among heavier men, gave 
exertion, and as a result of the exertion 
demonstrated more effect in the recu- 
It is clear that the 


exertion brings the pulse rates of the 


peration period. 


two groups nearer together than they 
are in the period of quiet, preceding the 


exertion. 
In the section on methods and pro- 


J.1. H. 


Jan., 1932 
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cedure it was stated that an electro- 
ecardiogram was taken while each 
subject was executing finger move- 
ments for a period of eight seconds. 
The average heart cycle duration value 
for the thirty-six men measured under 
this condition of physical exercise was 
662c, with a mean variation of 83c, 
and a coefficient of variation of 12.5 
per cent. ‘These results may be com- 
pared with the first four seconds of 
quiet in Table 1, which showed an 
average of 832¢c, with a mean variation 
of 101¢, and a coefficient of variation of 
{2.1 per cent. It is quite interesting 
that the pulse rate is increased as much 
as 20 per cent. by this simple finger 
movement exercise. Bowen (1) found 
practically the same result. Here it is 
not primarily foot pounds of physical 
work accomplished that produces the 
circulatory change, but intensity of ef- 
fort and concentration of attention. 
So far as these results go, they indicate 
that the variability may be as large 
under increases of this kind as under 
the normal quiet state. This is con- 
trary to what was found for increases 
produced by the physical exertion of 
chinning the bar. The preliminary 
quiet and finger movement pulse rates 
for each of the thirty-six men were cor- 
related after the Pearson product- 
moments method, and the value found 
was +0.51+0.08. This indicates quite 
a wide range of difference among the 
men in the amount of effort put forth, 
or subjective excitement caused by the 
task. 

Correlations were computed from 
the results on the total group of fifty- 
seven men. ‘The four averages, two 
for recuperation and two for exertion 
for each man, were correlated with 
each other to discover how close the re- 


Vol. 14 
No. l 


lationships were between these differ- 
ent heart cycle duration values. The 
results are presented in Table 3. As 
would be expected from the showing in 
Table 1, the correlation between the 
first half and the second half of exer- 
tion is high, +0.88 +0.02. One might 
characterize the relationship as one of 
marked regularity. Between the first 
part of exertion and the first part of 
recuperation, the correlation is fairly 
high, +0.72 +0.04. For the two pe- 
riods of recuperation it is considerably 
smaller, -+-0.46+0.07, and between 
the second part of the work and the 


TABLE 3.—CORRELATIONS BETWEEN 
HEART CYCLE DURATIONS FOUND 
IN EXERTION AND RECUPERA- 
TION FOR A GROUP OF FIFTY- 
SEVEN YOUNG MEN 


RESULTING 


VALUES CORRELATED mere 
| COEFFICIENT 


“ and E 2-4”..........| +0.88 +0.02 


E 1-4 

E 1-4” and R 1-5”. | +0.72 +0.04 
E 2-4” and R 2-5”... | +0.38 +0.08 
R 1-5” and R 2-5”... | +0.46 +0.07 


second part of recuperation it sinks 
to +0.38 -+0.08. It is in these latter 
results that the cardio-inhibitory indi- 
viduality of the different men and their 
different types of cardio-inhibitory ad- 
justment exhibit themselves by reduc- 
ing the correlation coefficients. 

It was about 1845 when the brothers 
Iu. H. and E. IF’. Weber discovered the 
action of the vagus onthe heart. Since 
that time an immense amount of in- 
vestigation has centered around this 
subject. A standard experiment for 
any particular species of animal has 
been to observe the effect on the heart 
rate obtained from dividing the vagi. 
As a rule all mammals show a heart 
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[t is 
well known that if an animal with a 
naturally slow pulse, like the dog or 
horse, is tried, the effect will be very 


rate increase resulting from this. 


conspicuous, whereas if the ereature 
is one normally having a relatively fast 
rate, sectioning the vagi may not pro- 
duce a great change. 

Substantially similar results are 
found from changing the tonie action 
of these centers through the influence 
[t is difficult to 


arrange for any standard brief exer- 


of physical exertion. 


cise to be applied generally in the ani- 
mal series. In working with human 
material, however, physical exercise is 
the logical means for applying tonie 
changes, either in carrying out routine 
in conducting re- 
kefforts 
been made to standardize procedures 


examinations, or 
search investigation. have 
for increasing tone through vagal pres- 
sure, and through the oculoecardiae re- 
flex. Inthe present paper an attempt 
has been made to arrange something 
approaching a standard exercise, and 
to portray the results which it reveals 
when applied to a selected group of 
voung men. 


SUMMARY 


1. Continuous — eleetrocardiograms 
taken with capacity in series were re- 
corded for young men while reclining 
ina steamer chair, while chinning a bar 
direcily above the chair, and during 
relaxation following this exertion. 

2. The transitions from quiet to 
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work, and then to recuperation, were 
very prompt. The man, in chinning 
the bar, lifted the body weight a verti- 
‘val distance of 2 feet, held it up for 
seven seconds, and then promptly re- 
laxed in the chair. 

3. There was a slight general in- 
crease (3 per cent.) in heart rate in 
anticipation of the exertion, but the 
exertion itself produced in the first four 
seconds an added increase of 25 per 
cent., and in the next four seconds, 5 
per cent. 

t+. The heart rate remained at the 
exertion level during the first four sec- 
onds of recuperation. Then the rate 
lengthened so promptly as to reach 
the preliminary level in from twelve to 
sixteen seconds after the had 
been finished. 


work 


5. The group of young men showed 
less variability in heart rate during 
exertion than under conditions of quiet 
or recuperation. 

6. Two types of cardio-inhibitory 
adjustment are suggested: regular and 
oscillatory, each of which may be fur- 
ther divided into prompt, average- 
speed, and slow. 

7. The group of 
young men used as subjects demon- 
strated typical differences in the tonic 
adjustment of the cardio-inhibitory 


highly selected 


center, 

S. Results are further classified in 
reference to stature and body weight, 
and statistical correlations 


are pre- 


sented. 
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STUDIES ON EXPERIMENTAL PNEUMONOKONIOSIS 
VIII. INHALATION OF QUARTZ DUST* 


Leroy U. Garpner, M.D. 


From the Saranac Laboratory for the Study of Tuberculosis 
The Edward L. Trudeau Foundation, Saranac Lake, New York 


HE literature contains not a few 
reports of experimental at- 
tempts to reproduce various 
pneumonokonioses in small laboratory 
animals. In most instances the auth- 
that 


develops after a few short inhalations 


ors claim fibrosis of the lungs 
of dust administered during a period 
of weeks or Their illustra- 
tions usually demonstrate some local 


months. 


thickening of the alveolar septums 
adjacent to collections of dust con- 
taining phagocytes within the air 
spaces, together with chronic inflam- 
matory changes in the connective 


tissues of the bronchi and the blood ves- 
sels, 


These lesions, however, if they 


are fibrous in character, do not re- 
semble the nodules of hyaline fibrous 
tissue of human silicosis. 

An experience of thirteen years in 
the experimental study of pneumono- 
the author 


that in order to produce significant 


koniosis has convinced 
changes, animals must be exposed for 
periods measurable in years to concen- 
trations of dust no heavier than those 
the industrial conditions. 


While shorter treatments will unques- 


in worst 


tionably provoke reaction in the lung, 
the type of cellular response does not 


* The material herein reported was pre- 
sented at the International Silicosis Con- 
ference in Johannesburg, South Africa, 
August, 1930. 
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resemble that in human pneumono- 
koniosis. Furthermore, among the 
various dusts which clinical experience 
has demonstrated will produce disease 
in man, only quartz and asbestos have 
thus far proved sufficiently active to 
excite significant reaction in the lungs 
of experimental animals during periods 
as long as three or four years. 

This paper has been written to dem- 
onstrate the fact that with pure quartz 
dust it is possible to produce typical 
silicosis in the experimental animal. 
The histogenesis of the lesions and 
their bearing upon the clinical and 
roentgenographiec aspects of the disease 
will be described briefly. For compar- 
ison, the reaction to other inorganic 
dusts will also be mentioned. 


IeXPERIMENTAL METHODS 


Groups of guinea-pigs and rabbits, 
often as many as 100 at a time, are 
housed in ordinary wire cages in rooms 
approximately 8 feet square, provided 
with one or more windows. At one 
side of the room, 1 foot above the floor, 
is a drum 24 by 18 inches in diameter 
with an opening along its upper sur- 
face. Mounted on an axle traversing 
it, is a rotating metal paddle pro- 
vided with fins which project an inch or 
two beyond its edges. From a pulley 
on the projecting end of the shaft, a 
belt passes through an opening in the 
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wall to an electric motor in an adjoin- 
ingroom. The drum is approximately 
half filled with the dust under investi- 
gation. The rotating paddle causes a 
cloud of dust to arise which gradually 
spreads throughout the atmosphere in 
the room. Ventilation is provided 
through a flue in the ceiling and by 
opening one of the windows a short 
way at the bottom. ‘The exposures 
are continued for eight hours daily, 
with the exception of Sundays, over 
periods of from one to two years or 
longer. When the motor is stopped 
at night the cages are not removed 
from the dusting room, but the win- 
dows are thrown wide open if the 
weather permits. 

The concentration of dust in the 
atmosphere of the room is controlled 
by so selecting the pulleys and counter- 
shafting that the paddle in the drum 
rotates at a proper speed. Counts of 
the atmospheric dust are taken from 
time to time with a Greenburg-Smith 
impinger apparatus. The following 
figures give an approximation of the 
number and size of suspended quartz 
particles in a room now in operation: 


Particle Size Millions of Particles 


u per Cu. Ft. 
10-100 541.6 
1.5-10 ov. | 


Under 1.5 
10 or less! 


4,355.4 
4,394.5 (89%) 


1 Effective particles. 


The quartz dust used in the experi- 
ments to be reported is known com- 
mercially as “‘silica smoke,’’ a product 
sold to potteries for glazing purposes. 
[t has been ground to an almost im- 
palpable powder and graded by flota- 


tion so that it passed a 200-mesh 
screen. The foregoing figures indi- 


Vol. 14 


No. I 


cate that about 90 per cent. of the 
particles suspended in the atmosphere 
of the dusting chamber are 10 microns 
or less in diameter. Whether or not 
this product has been calcined, the 
manufacturers will not divulge. 
Chemical analysis shows a free silica 
content of 90.75 per cent., the balance 
being largely iron and aluminium. 

In order that a study could be made 
of the progressive stages of develop- 
ing silicosis, animals have been killed 
at intervals during the course of the 
dust exposures, and after gross exam- 


ination their lungs have been pre- 
served for microscopic study. The 


latter is most effectively accomplished 
by intratracheal injection of a fixative, 
usually Zenker’s fluid. Sections em- 
bedded in paraffin have been stained 
in various ways. 


IcXPERIMENTAL OBSERVATIONS 
Pneumonia 

With quartz inhalation as with other 
dusts, the incidence of epizootic pneu- 
monia has been high. Among the 
group of 106 guinea-pigs on which this 
study is based, approximately 50 per 
cent. have shown gross or microscopic 
evidence of such infection and in 25 
per cent. this complication has been 
fatal. 

No figures are available for the inci- 
dence of pneumonia in a large group of 
normal animals kept in the same ani- 
mal house for a comparable period of 
time. Among guinea-pigs infected 
with attenuated tubercle bacilli and 
allowed to live as long as they would, 
15 per cent. have died of this cause. 


teaction to Quartz Dust 
The first tangible reaction of the 
body to particles of any dust is their 
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ingestion by phagocytic cells. The 
behavior of these cells in the presence 
of quartz particles is unique; it differs 
materially from their behavior toward 
any other type of dust yet studied. 
Quartz particles are ingested slowly 
and the number detectable within any 
one cell always remains relatively 
Quartz particles are 
They appear first to accelerate the 


small. toxic. 
migration rate and then to kill the cells 
which have ingested them. The death 
of the hosts liberates the foreign 
bodies, which then become prey to new 
phagocytes. The constant prolifera- 
tion and migration of phagocytes cre- 
ates an impression of unusual activity 
in a focus of reaction to quartz, which 
is entirely lacking for other dusts. 
furthermore, this unusual initial 
behavior of the phagocytes determines 
the subsequent development of the 
pathologie process. As a_ result of 
aecelerated ameboid activity, the cells 
move rapidly from the point where 
phagocytosis takes place (in the lung, 
the air spaces) and the foreign particles 
are concentrated within the connective 
tissues, 
death of 
particles and possibly products of cel- 


In this location the repeated 
migratory cells liberates 


lular activity upon those particles in 
immediate contact with the connective 
tissue cells. 

The result of this loeal application 
of the stimulus is proliferation. New 
cells, resembling epithelioid cells of 
tuberculosis, begin to make their ap- 
pearance. Repeated division — by 
mitosis soon produces very extensive 
infiltrations which obscure the normal 
elements of the tissue involved. 
Stained by the usual methods, these 
eells are polygonal in shape with an 
abundant, slightly granular, eosino- 


philic cytoplasm and a vesicular nu- 
cleus. In sections impregnated with 
silver by Foot’s technic, it is noted that 
each produces a delicate network of re- 
ticulin. Multinucleated forms indis- 
tinguishable from the ordinary Lang- 
hans giant cell are often numerous. 
The newly formed cells do not contain 
visible dust but here and there between 
them are small collections of phago- 
eytes within which are refractile quartz 
spicules. 

After a few months, the area of pro- 
liferation comes to resemble a cellular 
fibrosarcoma. It is composed of 
closely packed spindle-shaped cells 
which are frequently in 
Their reticulum is now very dense 
and heavy. Giant cells are numerous. 
After the lapse of a year or more—the 
exact time depends upon the local 
concentration of the irritant—a pecul- 
iar change takes place in certain areas 
within this new growth. Frequently 
but not necessarily it occurs in the 
neighborhood of a large blood vessel. 
The cytoplasm of all the cells in this 
area begins to swell and takes a very 
deep stain with eosin. At the same 
time the nuclei are compressed, be- 
come pyknotic, and many disappear. 
The degeneration is not attended by 
the formation of visible fat in the 
spindle cells but the dust containing 
phagocytes, of which many are usually 
present, are filled with large droplets. 
A few polynuclear leukocytes are 
attracted to the area but they are 
never numerous enough to attract 
attention. Silver impregnations at 
this time reveal a very marked local 
swelling of the reticulum; in fact, this 
substance now occupies the major 
Only 
small interstices between a tangled 


mitosis. 


portion of the microscopic field. 


J. 1. H. 
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Ke 
Kia. 1.--Phagoeytes in lung exposed to quartz inhalation for 30 days. Note small 
number of particles per cell and lack of reaction in alveolar walls. SOO. 








hig. 2. Degenerating phagoevtes in lung after one year’s exposure. Note admixture 
with polynuclear leukocytes. No evidence of infeetion. <1, 110. 
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Rig. 3 early “pseudotubercle formed hy accumulation of phagocytes about small 
Ivinphotd nodule in periphery of lung. x LOO. 





big. 4. Cellular fibrosis in srea once similar to that shown in Figure 8.0 Note epithelial 
eovering of irregular surfaces. < 200. 
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network of heavy brown-black fibrils 
The blood 


vessel, which can so frequently be 


are available for the cells. 


found in close proximity to this focus 


of reaetion, shows no evidence of 


endarterial reaction; only its external 
tissue 


connective apparently 


participate in the reaction at this time. 


COTS 


Within the following year the area 
involved in this process increases in 
The 


extent. older 


portions at the 


7 
vA 


wos 
‘ 


wns 


lia. 5. 


eenter of the foeus beeome pale in 
eolor owing to the inerease in inter- 


cellular substanee which has eom- 


pressed more and more — nuelei, 


Bordering this central zone is one in 
which the cells are still deeply stained 
and swollen, and at the extreme peri- 
phery are concentric layers of cellular 
connective tissue. loot’s technic now 


shows a central area composed of 


reticulin fibers which are again fine, 


Hyaline silicotic nodules in medulla of tracheobronchial lymph node. 
dense and swollen reticulin fibers are stained black by silver salts. 


Ne 
w~ 
°- 
~~ 


an intermediate zone of course fibers, 
and a peripheral layer in which there 
is gradual between 


black reticulin and red eollagen.! 


transformation 


This lesion presents all the essential 
characteristics of the siliecotie nodule 
Inman. In human beines, an obliter- 
ative endarteritis generally occurs in 
vessels within or near such nodules, a 
change which has not yet been ob- 
served in experimental animals. In 






The 
LIX). 
often 


the nodules are 


Possibly in time sele- 


fact in them 
quite vascular. 


rosis would eventually oceur. 


Silicosis in Respiratory Tract 


Guinea-Pigs.— In describing the pro- 


OTCSSIVE changes that follow the iInhs- 


| Whether there are actual differences 
between collagen and reticulin, or whether 
these are differences due to technical manip 
ulation, is a question of no great importance 
to this deseription, 
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lntion of quartz dust, a proper concept 
of the anatomy and physiology of the 
lymphatic apparatus of the lungs is 
fundamental, for most of the early 
pathologie lesions develop in and about 
this system. Physiologically and an- 
atomically the tracheobronehial lymph 
nodes and the lymphaties of the lung 
The 


lvinph vessels originating in the peri- 


constitute a continuous system. 


phery of the lung pass through the 


’ ri 
_ & Ay F 
’ , + a 
a '# 
a « 


kia. 6 


eonneective tissues of the bronehi and 
laree blood vessels 1a) the lvinph nodes 


in the mediastinum. In the walls of 


the alveolt, alveolar Siiecs, ana arin 


there are no lymph vessels; only in the 


lists] ends of the alveolar duets do 


organized vessels first make their up- 


pearance. Joined by radicles from 


the visceral pleura they form in- 


creasingly large trunks whieh re- 


eeive tributaries from sll parts f the 


ne 
’ a = 
‘ ~- 
. 
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About 


and bifureation are small colleetions 


lung. their points of origin 
of lymphoid tissue which increase in 
size toward the hilum. They lie out- 
side the lymph vessel and are separated 
from its lumen only by the endothel- 
ium, which is apparently not. inter- 
rupted at this point. Frequently the 
lymphoid tissue projects slightly into 
the lumen of the vessel but it is always 
eovered by a laver of endothelial cells. 
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\Iasses of hyperplastic Ivmphoid tissue infiltrated with dust cells projecting 
into lymphatie trunks along course of large pulmonary vein. 


<(). 


Within physiologie limits the lym- 
phatie system provides the chief mech- 
anism for the elimination of inhaled 
foreign bodies which have passed the 
bronchi provided with ciliated epithel- 
lum and have come to rest in the term- 
Inal air spaces. Such foreign bodies 
are engulfed by phagoeytes, which 
then migrate along the walls of the air 
spaces until they reach the nearest 


Ilvmphoid tissue. On passing through 
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this tissue they enter the lymph vessels, 
through which they may ultimaiely 
reach the tracheobronchial lymph 
nodes. Many phagoeytes with = in- 
cluded foreign bodies may come. to 
rest, possibly temporarily, in the var- 
ious lymphoid tissues along this course. 
Great numbers of them will obviously 
be concentrated in the tracheobroneh- 
ial lymph nodes beenuse these strue- 
tures receive drainage from the major 
portions of both lungs. In some ani- 
mals, among them man, lymph vessels 
from the caudal fourth of the lung pass 
through the erura of the diaphragm to 
nodes situated behind the peritoneum. 

When abnormal amounts of foreign 
bodies reach the terminal air spaces 
asin the experiments under considera- 
tion, the physiologic mechanism is 
Inadequate tO cope with the situation. 
Inhaled quartz particles reaching the 
peripheral air spaces are phagocytosed. 
The cells, perhaps stimulated by the 
Irritating dust, rapidly make their way 
to the nearest lymphoid tissue. So 
rapidly do they arrive that all cannot 
enter the mass at onee and they form 
i more or less definite nodule about it. 
\Iany do pass into its substanee where 
they may remain for a time or they 
nay enter the lymph vessel beneath. 
The result is a concentration of the 
Irritant within the lymphoid tissues. 
At first it is heaviest in the tracheo- 
bronchial nodes, and in consequence 
the earliest renetion occurs in this loea- 
tion. Ipithelioid-like, reticulin form- 
ing cells proliferate within the medulla 
to such an extent that the nodes swell 
to four or five times their normal size. 
As the new tissue becomes fibrous and 
contracts, they again shrink and are 
finally reduced to a very small volume. 


Such sclerosis distorts and obst ructs 


Io 
= 
on 


the lymph sinuses in the nodes and 
creates a condition of partial stasis in 
the afferent lymph vessels, most of 
which are situated within the lung. 
Stasis is manifested by a dilatation of 
the lymphatiesand by seat tered aecum- 
ulations of lymphocytes, dust cells, and 
débris within theirlumina. Inthe con- 
nective tissues through which these ves- 
sels pass, a low-grade, chronie inflam- 
matory reaction is) produced which 
ultimately leads to fibrosis and thiek- 
ening. The paucity of dust cells in 
the perilymphatice tissues suggests that 
this reaction is nonspecific in character, 

When stasis has begun as a result of 
obstruetive lesions in the mediastinal 
lymph nodes, more dust cells are 
retained within the intrapulmonary 
Ivmphoid tissues. In consequence, 
proliferation becomes more aetive 
and nodule formation now PrOogresses 
rapidly within the lungs. “Pwo appar- 
ently different types of lesions develop, 
one in the parenchyma of the lung and 
the other along the trunks. Closer 
observation, however, demonstrates 
that the difference is only apparent 
and that it is due to position. 

In the parenchyma of the Jung are 
small masses of Lymphoid tissue lo- 
eated at the peripheral ends of the 
alveolar duets and at the bifureations 
of small vessels, which are almost en- 
tirely surrounded by compressible and 
elastic parenchyma. When dust cells 
accumulate about them, the result- 
ant lesion develops symmetrically as a 
spherical nodule. This is apparently 
the strueture which Mavrogordato 
called a ‘“‘pseudotuberele.”” At. first 
it consists of a central collection of 
Ilvinphoid cells surrounded by a wide 
zone of dust containing phagocytes. 


Later, when proliferation of the loeal 
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connective tissue elements has com- 
menced, this strueture is eradually 
and Finally, 
hyaline degeneration transforms it into 


compressed replaced, 


the classical silieotie nodule. — Its sur- 
face is more or less completely covered 
by a laver of cuboidal epithelium orig- 
inating from the cells lining adjacent 
sur Spaces, 

The other type of early intrapul- 


along the 


develops 


monary lesion 
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secause of their relationship to the 
these 


lymphatic vessels, structures 
have been deseribed as thrombi, but in 
studying their evolution it has become 
clear that they do not originate within 
the the They are 


simply proliferative nodules develop- 


lumen. of vessel, 
ing in and about preexisting lymphoid 
tissues which lie outside the endothelial 
As these 
nodules inerease in size they encroach 


lining of the lymph vessel. 





hid i 
large vein (upper left). 


lumen of original lvmphatic. < 100 


vascular and = bronehial — trunks. 
Lymphoid tissues in these loeations 
eannmot expand symmetrically under 
the influence of accumulating silica be- 
enue they lie against the more ineom- 
pressible conneetive tissues. As oa 
consequence, when they enlarge they 
produce clongated masses. Their ar- 
rangement along the trunks resembles 


When they 


have beeome fibrous, they are deteet- 


2 string at ovold heads. 


able in roenteenoerams. 


Cellular fibrosis replacing lymph nodule located along lymphatic accompanying 
Only small irregular channels about nodule are left to represent 


upon its lumen, pushing its lining 
membrane ahead of them, and. ulti- 
mately reduce the vessel to a mere 
slit. 

the 
tracheobronchial lymph nodes and the 


These obstruetive changes in 


intrapulmonary lymphoid tissues prac- 
tically destroy the effectiveness of the 
lymphatie system. if the inhalation 
of quartz continues, the phagocytes 
earry much of the dust direetly into 
the alveolar septums and deposit it 








A loeal prolifera- 
‘ion follows which results in a diffuse 
South 


It consists of 


between the cells. 


fibrosis, the ‘‘fine fibrosis’’ of 
African nomenclature. 
4 generalized thickening of the alveo- 
lar walls with here and there an irregu- 
lar nodule. When lymphatie obstrue- 
tion is complete, the disease progresses 
much more rapidly in every portion of 
the lung. The older nodules increase 
in size and many new ones develop. 
The progress of events in the medias- 
tinal lymph nodes is always more rapid 
than that in the lungs beeause of the 
ereater concentration of dust in this 


location. Hyaline degeneration ap- 
pears after about one year’s exposure 
to the concentrations employed in this 
This 


begin in the majority of the intrapul- 


experiment. change does not 
monary nodules for another six months 
or more, 

There is one change in the follicles 
of lymph nodes in which quartz dust is 
is peculiar to 


aeecumulating, which 


these structures. Karly in the course 
of the disease they hypertrophy and 
then degenerate in a manner compar- 
able to that fatal 
diphtheria. The initial enlargement 


seen in eases of 
is due to a rapid mitotie division of 
the lymphoblasts. When the newly 
formed cells begin to die, their nuelei 
stain deeply and break into fragments 
Which are then ingested by mononu- 
clear phagoeytes. Their eytoplasm 
becomes swollen and granular, and the 
Whole mass stains diffusely with eosin. 
number of polynuclear 
the 


the process is a chronie one and the 


A variable 


leukoeytes invade area. Since 
animal does not die in this acute stage, 
the destroyed tissue is replaced by 
fibrous tissue which invades the area 


from the periphery. Ultimately hya- 
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line degeneration takes place and the 
nodule is then indistinguishable from 
the hyaline nodules in the proliferated 
cells of the medulla. This reaetion, 
initially so similar to that exeited by 
bacterial toxins, is apparently pro- 
voked by diffusible produets originat- 
ing in the medullary portions of the 
node, for dust containing cells are rare 
within the follicle itself. The reaetion 
is not a general one involving all the 
lymph nodes of the body, but affeets 
only those in which dust is being 
deposited. 

The 


present 


the lune 


feature. 


silicotie nodules in 


only one unusual 


Within the period of observation thus 
far possible, they always remain vaseu- 
lar. Hyaline degeneration is not a 


result of loeal anemia, for it) often 


occurs in areas with numerous blood 
This 


animals 


vessels. is especially obvious 


in those which eseape in- 
feetion and die of right heart failure 
preceded by a period of chronic passive 
them even the most 
still 


dilated capillaries and larger vessels. 


congestion. = In 
dense hyaline nodule exhibits 

In guinea-pigs, silicotie nodules regu- 
larly develop in the abdominal viscera. 
About the same time that the tracheo- 
bronchial lymph nodes are involved, 
lesions also appear inthe hepatie nodes. 
It is believed that dust from the lung 
or the tracheobronchial lymph nodes is 
carried by the blood stream to the 
liver. The lymphaties of this organ 
then transport it to the hepatie node. 
this 
sclerosed, the normal flow of lymph is 
the 


aecumulate within the liver. 


sJut after node is more or less 


interrupted and dust tends to 

In ani- 
mals exposed for two vears or more this 
be thiekly studded) with 


organ may 


proliferative nodules barely visible to 
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the naked CVC, situated both in the 
portal connective tissues and within 
the lobules, They subsequently 
undergo degenerative changes but no 
hyaline lesions have yet been seen. — In 
the spleen, silicotie nodules develop in 
the follicles. 


late, after Involvement of the liver is 


They usually appear 
well under way, but in some instances 


fully mature hyaline nodules of macro- 
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Rabbits. Anatomie and perhaps 
physiologic characteristics in this ani- 
mal tend to alter some of the minor 


The 


tbundant Lymphoid tissues within its 


features of the silieotie renetion. 


lungs are adequate to loealize and re- 
tain a large portion of the inhaled dust. 
As a consequence, more siucotie nod- 
ules develop within the lung than in 
the lymph nodes to which they drain. 





me ‘ 


SCOPE proportions have been disecoyv- 
The 


Process 11) 


iInfeetious 
the 


ered, presence of an 


the lune faeilitates 


mobilization of dust. and metastatic 
foe] develop enarly and in Oren “abun- 
No evidenee of 


heen 


danee, Involvement 


of the kidney lisis discovered, 
Toxic lesions have not been identified 
and not enough dust is retained to pro- 


duce hoes | proliferat lon. 


Tracheobronchisl lymph node of rabbit. 
killed One vear after completion ot () months’ Inhalation of quartz. 


Multiple siheotie nodules. Animal 


< 150. 


Possibly for the same reason involve- 
ment of the abdominal viscera is ex- 
tremely rare in this animal. In most 
rabbits the only abdominal foei are in 
the hepatie lymph nodes. No renal 
lesions have been discovered although 
tuberele in the rabbit’s kidney is a 
routine finding. 

The 


silicotie nodules of the rabbit 


degenerative changes in. the 


have a 
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hia. 9. -Silicotie nodule in lung of rabbit killed immediately after 13 months’ inhalation 
of quartz. Note necrotic center, smooth surface covered by epithelium, and absence of 
dust cells in surrounding air spaces. 100. 





; 
a 


kia. 10. Progressive reaction about silicotie nodule in lung of rabbit killed after 8S 
months in normal atmosphere following completion of 13 months’ inhalation of quartz. 
Note thickened alveolar walls, exudate in air spaces beyond limits of original nodule, and 
patent blood vessel penetrating necrotic center. 100. 
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marked affinity for lime salts sothatin this animal tubercles are also very 


place of hiwaline connective tissue, the — frequently ealeified. 


mature nodule may consist of a central In the rabbit it has been demon- 











hia. I (‘ross section thr yuah lungs of euinen-plg killed after 669 days’ Inhalation of 
reaction and enlargement of tracheobronchial 
Iyrnpoh node ‘There Is ho evidence ot Infection. K? 


Cqyubsart Note foeal and diffuse Areas Of 
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ee 
ma. E20) Roentgenogram of chest of animal shown in Figure 11, taken immediately 
( rt a \\ alle 
aren of ealeifiention surrounded by a strated that silicosis is a progressive 
zone of dense fibrosis. In this connee- disease. A small group of animals 
tion, it is of interest to reeail that in Was exposed to quartz dust fora period 
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of thirteen months and was then set 
aside ina normal atmosphere. At the 
end of the dust exposure one was killed, 
and its lungs showed many small pro- 
liferative nodules in and about the 
pulmonary lymphoid tissues. Very 
few dust cells could be found outside 
these nodules. Some of these lesions 
had already degenerated and were 
more or less calcified. ‘The remaining 
members of the group were X-rayed 
and barely detectable shadows were 
As the 
roentgenograms were repeated at 
monthly intervals, the amount of 
disease appeared to increase. In an 
animal killed eight months after dis- 
continuing the dust exposure, it was 
found that the nodules had greatly 
increased in size and that about each 
one was an appreciable zone of dust 


demonstrable in their lungs. 


containing phagocytes within the 
lumen of thick-walled air spaces. No 


evidence of infection could be detected. 
It appears that during the degenera- 
tive changes within the nodules con- 
siderable quantities of dust were freed, 
and that this material was then carried 
by wandering cells to the periphery 
where further reaction took place. 

In another group, a dust exposure of 
only six months was administered and 
the rabbits were then set aside in the 
general animal house for a period of 
one year. Their lungs exhibited great 
numbers of typical, hyaline fibrous 
silicotie nodules located in the position 
of the pulmonary lymphoid tissues. 
In this ease, evidence of progression 
was not so marked but the amount of 
dust originally accumulated within 
the lung was much less, and as no 
observations were made until a total 
period of eighteen months had elapsed, 
the large hyaline lesion then disclosed 


may well have included an original 
focus together with any local exten- 
sions about it. 


DISCUSSION 


It has been shown that prolonged ex- 
posures of guinea-pigs and rabbits to 
sufficient concentrations of erystal- 
line silica will produce nodular fibrosis 


analogous to the silieotie lesions 
developing in human beings. In 


previously reported experiments on 
granite (1) and carborundum (2) dusts 
no such effect was encountered. <A 
continuation of the work with granite 
dust, however, has demonstrated that 
a few typical silicotie nodules would 
appear in the tracheobronchial lymph 
nodes of guinea-pigs allowed to live 
two years after discontinuing a dust 
inhalation of nearly two years’ dura- 
tion. Their lungs showed no focal 

On the other hand, carbo- 
rundum dust failed to produce any 
trace of such reaction even when the 
exposures were continued for a period 


lesions. 


of four years. Granite dust is a well- 
recognized cause of silicosis in human 
beings but its action is notoriously 
slow. the 


man, we 


Concerning action of 
ecarborundum in have no 
accurate studies. The 
question arises, why these three dusts, 
quartz, granite, and carborundum, 
all composed of very hard and sharp 
particles, differ so markedly in their 
ability to excite reaction. 

The current explanation for the be- 
havior of quartz dust in the animal 
body is that owing to slow solution in 


postmortem 


its alkaline fluids, colloidal silica is 
liberated which stimulates the growth 
of fibroblasts. However, no one has 
yet brought direct proof of such solu- 


tion, for there are technical obstacles: 
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moreover, the dissolved silica would 
presumably recombine with free so- 
dium and other ions as fast as it is 
liberated. Gye and his coworkers, 
Ivettle and Purdy, (3) (4) have demon- 
strated that soluble silica is a cell 
poison causing degenerative changes in 
tissues which are followed by an over- 
On the 
basis of their work rests the solubility 


crowth of connective tissues. 
hypothesis. Quartz is assumed to be 
the most active substance because it is 
composed almost entirely of silica. 
Granite, with only about 35 to 40 per 
cent. of free siliea, would be less stimu- 
lating because of its lower concentra- 
tion of this substance; while ecarbo- 
rundum, 2 carbide of silicon, contains 
practically no free siliea and should 
provoke no specific reaction. Like- 
vise, other dusts such as soft coal 
should be inert if only siliea in high 
concentrations is essential. The work 
of Willis (5) and unreported experi- 
ments of our own substantiate the 
hypothetieal lack of stimulating power 
of bituminous coal. 

Granting that silicious dusts are 
more harmful than others, it remains 
to be determined whether, as Collis (6) 
postulated, it is necessary that this 
silica exist In its free crystalline state. 
Theoretically, the more readily soluble 
silicates should provoke greater reac- 
tion ‘han the erystalline substance. 
lor some years this was not considered 

» be the ease, and from a purely chem- 
ical point of view, the hypothesis was 
diffieult to defend. Clinical evidence 
is aecumulating, however, and recently 
animalexperiments (7) have been pub- 
lished which demonstrate that the 
silicate of magnesium in the form of 
asbestos Is capable of producing well- 


marked pulmonary fibrosis. In the 


experiments cited, Cummings has 
pointed out that the formation of the 
asbestosis body offers direct evidence 
of solution of this silicate. Whether 
other silicates will likewise prove to be 
active remains to be determined. 
If it can be shown that the most sol- 
uble forms of silica provoke the most 
vigorous response, the case for solubil- 
ity will be strengthened. Whether 
technical obstacles will ever permit the 
direct determination of silica dissolved 
in the body fluids is still a question. 
Our various experimental observa- 
tions have thus far been in accord with 
the chemical hypothesis, which would 
explain the irritating properties of 
They 
offer evidence, if more be needed, to 


dusts upon their silica content. 


refute the old belief that hardness and 
sharpness of particles are factors re- 
sponsible for the injurious effects of 
inhaled dusts. 

Certain features brought out in this 
experimental study of silicosis throw 
light on the development of the disease 
One difference in 
the behavior of phagocytes ingesting 


observed in man. 


various kinds of inorganic dust par- 
ticles has already been demonstrated 
by Fenn (8), who reported that 7n vitro 
coal particles were phagocytosed four 
times as rapidly as quartz. Another 
difference has been described by the 
author in a paper dealing with the 
reactivation of latent tuberculous in- 
fections by various types of inhaled 
dusts (9). It was noted that phago- 
cytes containing quartz particles were 
much more active and tended to mi- 
crate everywhere, even into the centers 
of tubercles, while the majority of cells 
which had ingested fragments of gran- 
ite, carborundum, or bituminous coal 


remained within the air spaces. Fur- 
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thermore, ingested quartz injures the 
cells so that many die, liberating the 
dust to be ingested again by new phag- 
ocytes. ‘The other substances investi- 
cated appear to have little immediate 
effect upon the life of the host cell 
although its cytoplasm is usually tre- 
mendously distended with the foreign 
particles. The cell apparently con- 
tinues to live in this condition, for its 
nucleus stains normally and in supra- 
vital preparations neutral red is ab- 
sorbed in a characteristic manner. 
Whether on the one hand the engorge- 
ment of the cell with granite, coal, or 
earborundum mechanically interferes 
with migration, or whether on the 
other, the presence of a few quartz 
particles which are obviously irritating 
actually stimulates motility is not 
definitely known. Whatever the ex- 
planation, the picture presented by the 
lung during the inhalation of quartz 
is one of great activity, with great 
numbers of dust cells in the air spaces, 
in the connective tissues, and in the 
lymphoid tissues. With the other 
dusts, most of the cells, often greatly 
enlarged by countless particles of 
ingested material, remain scattered or 
in clumps within the air spaces. ‘Ten 
or twelve months are required to 
transport as much dust to the tracheo- 
bronchial lymph nodes when granite or 
earborundum is inhaled, as would 
accumulate in three months if quartz 
were being inhaled. If the animals 
are removed from the dusting chamber 
to a normal atmosphere, it is found 
that in the case of quartz the majority 
of the phagocytes rapidly disappear 
from the air spaces and collect within 
the pulmonary and tracheobronchial 
lymphoid tissues. With other dusts, 
elimination is extremely slow and most 


Vol, i4 
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of the phagocytes remain in clumps 
within the air spaces for at least four 
vears. A few have migrated into the 
local lymphoid collections and more 
are found in the lymph nodes of the 
mediastinum. 

The reasons for these differences in 
behavior of the phagocytes toward 
various dusts are still unknown. 
Possibly the non-silicious components 
are responsible. ‘The problem is being 
subjected to further investigation. 
The general subject of phagocytosis 
has been discussed at such length be- 
cause the conclusions reached are at va- 
riance with the views of widely quoted 
authors like Haldane (10) and May- 
rogordato (11). ‘Their observations 
are based largely on a study of human 
material; in animals killed at inter- 
vals, opportunities for following these 
changes are perhaps more favorable. 

The phagocytes which have carried 
the irritating quartz particles into 
the framework of the lung presumably 
die within a short time and liberate the 
ingested material. Other phagocytes 
are attracted which again ingest them. 
Any chemical change must take place 
within the cytoplasm of these cells 
and the products either diffuse through 
their membranes or they are liberated 
on the death of the cell. By what- 
ever mechanism is operative, the local 
connective tissue elements, name them 
fibroblasts or reticulum cells as one 
pleases, are stimulated and multiply. 
Such stimulation occurs only after inti- 
mate contact established 
through the agency of the wandering 
cells. It does not take place in the 
wall of an alveolus whose lumen may 
be partially filled with a clump of 
quartz filled phagocytes, but occurs 


has been 


only after these cells have migrated 
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into its walls; nor does proliferation 
with ultimate fibrosis arise from the 
phagocytes while they remain within 
the air The distinetion be- 
tween the migrating phagocytes and 


space. 


the proliferating fixed tissues seems 
quite definite, and these observations 
offer a strong argument against the 
inetaplasia of the one to the other. 

As already mentioned, quartz dust 
as if 
The proliferated 
tissues are injured in 


toxie. 
connective 


dissolves (?) beeomes 
newly 
areas where 
sufficiently large amounts of dust are 
concentrated. The injury seems to 
affect the reticulin fibers specifically 
so that they swell and become very 
thick and heavy. It always precedes 
the development of the characteristic 
the lesion. In 


lymph nodes, another manifestation of 


hyaline of silicotic 


the toxicity of dissolving (?) quartz 
the degenerative 


changes manifested in nearby follicles, 


dust is series of 
a reaction which closely resembles that 
jut these effects 
always appear in the immediate vicin- 


to bacterial toxins. 


itv of a medullary focus of reaction. 
Apparently none of the irritant re- 
mains in a circulate 
through the blood and injure other 
Recent 
reports from South Africa (12) now 
admit that the incidence of nephritis 


free state to 


lymph nodes or the kidneys. 


in silicotie miners is no longer con- 
sidered to be any greater than that in 
the general male population of the 
Same age, 

The progressive character of the 
disease which is recognized clinically 
is well the rabbit 

very 


. 


demonstrated in 


experiments. ‘They indicate 
clearly that when a sufficient quantity 
of dust has once entered the lungs, 


the pathologie process which develops 


will continue to progress even though 
most of the dust has apparently been 
well localized and encapsuled. Con- 
tinuous degenerative processes liberate 
the dust, which is again ingested and 
carried by phagocytes to the peri- 
phery of the tubercle-like nodule. 
Presumably reaction would continue 
until all the dust had been dissolved 
or otherwise rendered inactive. 

The observations on the develop- 
ment of experimental silicosis can be 
correlated with the roentgenographic 
pictures of various stages of the dis- 
ease in human beings. ‘They empha- 
size the importance of interference 
with the lymph flow. 
veals that’ one of the first manifestea- 


The X-ray re- 


tions of silicosis is a widening of the 
mediastinal shadow. This study has 
demonstrated that the first extensive 
change of a specific nature occurs in 
the tracheobronchial lymph nodes, 
which at first are greatly enlarged. 
Another rather early roentgenographie 
manifestation is an accentuation of the 
linear markings in the lungs. ‘The 
experimental animals reveal evidences 
of stasis in the deep lymph vessels 
which run through the connective 
tissues of the veins, arteries, and bron- 
chi; following the stasis, chronic in- 
flammatory changes appear in the sur- 
rounding areolar tissues. Such 
changes have been observed in experi- 
ments not only with inhaled quartz but 
also with granite. In a previous pub- 
lication (13), when only granite had 
been studied, the author was inclined 
to draw too sweeping conclusions as to 
the importance of lymph stasis; never- 
theless this condition is of great signif- 
icance in the development of the path- 
ologic picture of silicosis. 

The presence of silicotic nodules in 
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hyperplastic masses of lymphoid tis- 
sues projecting into the lymph trunks 
has previously been interpreted as 
thrombi within these vessels. The 
reasons for believing that they are not 
thrombi have been discussed. ‘They 
are responsible for the ‘“‘beading”’ along 


the trunks deseribed in roentgeno- 
crams. Watkins-Pitchford described 


them as beads at irregular intervals on 
o string. 

The development of the character- 
istic nodular lesions which superficially 
resemble tubercles and which Mavro- 
cordato has aptly called ‘“pseudo- 
tubercles’ has been discussed. It was 
shown that the majority of such lesions 
form about a mass of lymphoid tissue, 
confirming the observation of Strachan 
and Simson (14) on the human lung. 
Where they are abundant they may 
coalesce to form one large confluent 
but such conglomerate nod- 
ules have not been found within the 
lungs of experimental animals because 
the period of exposure is too short. 
The vascularity of degenerating lesions 
affords ground for the belief that the 
injury is a manifestation of toxicity of 
quartz dust rather than one of local 
anemia. While patent vessels may 
not usually be apparent in all nodules, 
nevertheless they again become visible 
and are often dilated under the influ- 
ence of a terminal chronic passive 
congestion. 

The late development of a diffuse 
thickening of the alveolar walls, the 
‘fine fibrosis” of South African nomen- 
clature, has been shown to occur after 
the interference with lymphatic drain- 
age has become pronounced. Under 
these conditions dust is deposited 
ndiscriminately in the pulmonary 
framework and a local proliferation 


mass, 


ensues. In the presence of an infec- 
tious process, this reaction always 
occurs early in the disease. 

Chronic pleurisy develops either 
locally above superficial nodules, or 
later as a part of the general infiltration 
of the pulmonary stroma. 

The regular occurrence of metastatic 
lesions in the guinea-pig is probably 
due to anatomic 
this animal. 
every case of human silicosis examined 
by the author, there have been typical 
lesions in the hepatic lymph nodes. 
No guinea-pig has ever exhibited a 


peculiarities in 
Nevertheless, in almost 


chain of silicotie nodes along the ab- 
dominal aorta such as is sometimes seen 
in human beings, but this again is 
probably a result of the anatomy of 
this particular experimental animal. 
Nodules in the spleen, so common in 
the guinea-pig, have been observed in 
one of the author’s human eases of 
silicosis. Calcification is common in 
degenerative the rabbit, 
whether due to the tubercle bacillus 
or to quartz. Certain human beings 
also exhibit a similar capacity, for 
calcification is not an uncommon oc- 
currence in silicosis in man. Death 
from failure of the right heart regu- 
larly occurs in the silicotic guinea-pig 
unless infection intervenes. Before 
the days of prophylaxis in South 
Africa, cardiac deaths were common 
among miners. 

Finally, mention must be made of 
the factor of infection. Irvine now 
believes that a large proportion of the 
silicosis on the Witwatersrand has an 
infectious basis, which is most often 
due to the tubercle bacillus. In a 
communication previously cited (13), 
the author attempted to explain the 
difference in the rate of development 


lesions in 
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of silicosis in different individuals by 
the presence of infection in their tra- 
lymph nodes. In a 
subject whose pulmonary drainage is 
already seriously impaired by chronic 
or healed tuberculosis of these lymph 
nodes, silicosis should develop more 


cheobronchial 


rapidly than in one with normal 
nodes. 
But the experiments which have 


been described indicate that silicosis 
can develop in the absence of demon- 
infection. One-half of the 


animals have failed to show any micro- 


strable 


scopic evidence of such complication. 
When pneumonia does appear it is 
usually extensive and chronic in nature, 
so that it could hardly be overlooked. 
Therefore, it seems safe to conclude 
that infection is not an essential part 
of the picture in silicosis, although its 
soth 
in man and in animals the incidence of 


frequency is freely admitted. 


pneumonia, usually of a chronie type, 
When animals 
are artificially infected with the tuber- 
the reaction 
to quartz and the infection develops 
This 


another 


is exceedingly high. 


. 


cle bacillus, combined 
rapidly and is most extensive. 


subject will be treated in 


eommunieation. 


SUMMARY 


Iexperiment has demonstrated that 
the disease silicosis can be reproduced 
in guinea-pigs and rabbits by  pro- 
longed inhalation of quartz dust. Its 
production follows the daily inhalation 
of sufficient quantities of finely divided 
silien over a period of many months or 
vears, 

In the initial stages of the disease, 
phagocytes are more active than usual, 
perhaps because they are irritated by 


the ingested particles. They play a 


leading réle in transporting the dust 
to points where intimate contact is 
established with connective tissue cells. 
These elements are in turn stimulated, 
undergo active proliferation, and de- 
velop a most extensive reticulum net- 
work. After a year has passed, de- 
generative changes appear in the newly 
formed cells with peculiar changes in 


the reticulum. Many of the cells 
degenerate, leaving a collection of 


coarse hyaline fibers with occasional 
compressed nuclei. In the rabbit, 
calcification is a common sequela. 
The degeneration is a local manifesta- 
tion of the toxicity of quartz dust and 
not an effect of ischemia. Other toxic 
effects are exhibited in the rapid death 
of phagocytes and in the follicles of 
lymph nodes involved in the process. 
There is no evidence that poisonous 
the blood to 
damage the kidney and other organs. 


Silicosis is a 


; . 7 . 
substances circulate in 


progressive process 
when once a sufficient quantity of 
quartz has been inhaled. 

In the development of the disease 
the tracheobronchial lymph nodes are 
first extensively damaged and largely 
replaced 
fibrosis. 


nodular 
This interrupts the normal 
flow of lymph from the lungs and pro- 
duces inflammatory thickening along 
the course of the afferent lymph vessels 
the lung. Nodular lesions 
already started progress more rapidly 
within the intrapulmonary lymphoid 
tissues. When these structures have 
sufficiently enlarged, a further inter- 
ference with the eliminating apparatus 
results and dust is implanted in in- 
creasing quantities in the alveolar 
A “fine fibrosis” in the paren- 
In the 
euinea-pig similar changes are brought 


by characteristic 


within 


walls. 


chyma of the lung is produced. 
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about in the liver by dust carried to it 
through the blood stream. As long 
as its lymphatie circulation is compe- 
tent, no significant reaction occurs 
within the organ. When its appropri- 
ate node has been obstructed, then 
hepatie nodules develop. 

Comparative studies with other 
dusts have thus far indicated that only 
silica and the silicates are capable of 
exciting significant reactions in the 
connective tissues of the lungs. Mar- 
ble, soft coal, and carborundum dusts 
have produced no fibrosis within pe- 
riods of four years. Granite dust acts 


very slowly and only in the tracheo- 
bronchial lymph nodes has it caused 
the formation of typical nodular fibro- 
sis. Asbestos dust forms collars of 
fibrosis about the respiratory bronchi- 
oles and proximal alveolar ducts in 
which it comes to rest, perhaps be- 
cause of its fibrous structure. 

These observations have suggested 
the general hypothesis that silicious 
dusts excite reaction in so far as they 
are able to establish direct contact with 
connective tissues. Such contact is 
determined by the reaction of the 
phagocytes to various types of dust. 
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BOOK REVIEWS 


[INDUSTRIAL ACCIDENT PREVENTION. A 
ScrENTIFIC Approacn. By H. W. Hein- 
rich, Assistant Superintendent, Engineer- 
ing and Inspection Division, The ‘Travel- 
ers Insurance Company. First edition. 
Cloth. Pp. x, 366 with illustrations and 
index. New York and London: MeGraw- 
Hill Book Company, Inc., 1931. 


This compact volume, one of the 
\MeGraw-Hill Insurance Series, treats 
the subjeet of industrial accident pre- 
from 


vention the standpoint of a 


scientific pproach. ‘The author lays 
down well-established principles and 
the 
demonstrated by practice. 


has been 
Details of 
accident prevention technic are treated 


facts, value of which 


only as incidental to the major prob- 
lem of establishing fundamental issues. 
The attempt is made to set up rules 
of general procedure that are appli- 
cable to all types of industrial accident 
prevention work. 

The 
accident prevention are stated by the 
author to be: (1) executive interest 


four principles of scientific 


and support; (2) cause analysis; (3) 
selection and application of remedy; 
and (4) executive enforcement of cor- 
rective practice. 

The applieation and importance of 
these fundamentals is summarized in 
compact form in the first chapter and 
is discussed in detail in the following 
Principles are widely 
citing actual 
The author emphasizes the difference 


tour chapters. 


illustrated by cases. 


between an accident and its eause—a 


difference which, when neglected, re- 
sults in confusion and difficulty in 
determining and applying the proper 
remedy. When the true cause is 
found, the selection of a remedy fol- 
lows. “In each case reversal of a true 
cause points to a cure.”’ 

The importance of controlling all 
accidents, whether producing injuries 
or not, is discussed at length. It is 
pointed out that on the average, for 
one major injury there occur twenty- 
nine minor injuries, and 300 no-injury 
accidents. Remedial action based 
upon one major injury out of 330 
potential injuries is limited and mis- 
leading. 

I;dueation of employees, safety psy- 
chology, mechanical guarding, process 
and procedure revision, and illumina- 
tion are treated in separate chapters. 
The value of complete reeords and 
statistical analysis is stressed and the 
weaknesses of present-day records are 
pointed out. ‘The application of 
statistics in the cause-analysis phase 
of accident prevention is a task for 
the future.”’ 

The volume is divided 
chapters and eleven appendixes, in- 
cluding a short bibliography of leading 
books and pamphlets dealing with the 
The chapters on mechanical 


into ten 


subject. 
guarding and illumination are pro- 
fusely illustrated. 

The author appears to have suc- 
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ceeded in presenting all the principles 
of industrial accident prevention in a 
direct manner that permits ready 
understanding. This volume consti- 
‘utes an extremely valuable addition 
o the literature on industrial safety.— 
Theodore Hatch. 





OccUPATIONAL DISEASES IN RELATION TO 
COMPENSATION AND HEALTH INSURANCE. 
By Rosamond W. Goldberg, Ph.D. 
Studies in History, Economics and Public 
Law. No. 345. Edited by the Faculty of 
Political Science of Columbia University. 
Cloth. Pp. 280 with bibliography and 
index. New York: Columbia University 
Press, 1931; London: P. S. King & Son, 
Ltd., 1931. 


Dr. Goldberg presents her subject 


in a very interesting way. She 
first reviews occupational diseases 


from the early historical period up 
to the present time, and points out 
the attention given these 
by those who develop 
compensation legislation. She then 
briefly outlines the various occupa- 
tional hazards by groups, starting with 
the hazards of dusty trades and follow- 
ing with a brief sketch of the hazards 
peculiar to metal, chemical, and miscel- 
laneous industries. In these outlines 
the more important processes alone 
are discussed so that the reader is not 
burdened with encyclopedic detail, but 
is provided with clear, short descrip- 
tions sufficient to bring out the point 
emphasized. If the author had in all 
sections outlined the important symp- 
toms, the book would give an excel- 
lent review of the more important in- 
dustrial poisons. Unfortunately the 
symptoms are mentioned in connection 
with some poisons and omitted in the 
discussion of others. As the object 
of the book is the consideration of 
these diseases and poisons from a 
legislative angle, however, no real 
fault can be found. 


diseases 
workmen’s 
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Having given a concise picture of the 
problem, Dr. Goldberg’s next step is 
to review the efforts made to regulate 
and prevent these diseases. She 
points out that the methods of regula- 
tion now in force tend to control the 
hazard by specifying the methods of 
handling hazardous materials, by limit- 
ing the time of exposure, and by pro- 
tecting the persons exposed. This is 
followed by a summary of laws and 
codes regulating employments and 
having as their aim the protection of 
the health and lives of the workers, and 
the prevention of occupational diseases. 

The chapter which follows deals 
with workmen’s compensation legisla- 
tion and judicial decisions relating to 
occupational diseases. The theory of 
workmen’s compensation acts as well 
as their detail is discussed from a 
number of interesting points of view. 
Specific instances of Judicial decisions 
make this chapter particularly valu- 
able, as the more frequent diseases 
are discussed and illustrative cases are 
given in some detail. ‘The conclusion 
of this chapter points out ‘the com- 
plexity of the present system of han- 
dling such cases and some of the diffi- 
culties involved.” 

Dr. Goldberg finishes her study by 
suggesting health the 
fairest and most satisfactory method 
of meeting the needs of those suffering 
from occupational diseases. ‘To quote 
the last paragraph of the book: “Ap- 
plied to the problem of occupational 
health insurance — should 
within a comparatively few years make 
decided gains in the elimination of 
certain hazardous industrial processes 
and the prohibition of the use of cer- 
tain deleterious substances.”’ 


insurance as 


diseases, 


The book as a whole gives a well 
thought-out, well-expressed, scholarly 
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presentation of the  subject.—VW. 
Irving Clark. 


Your HerauttH—ANnpd Your’ EARNING 
Powrer. A Book PREPARED FOR THE 
Use OF THE EMPLOYES OF THE ELECTRIC 
Liagut AND Power INpustry. Prepared 
by the Health Promotion and First Aid 
Subcommittee of the Industrial Relations 
Committee, Public Relations National 
Section, National Electric Light Associa- 
tion. Cloth. Pp. 181. New York: Na- 
tional Electric Light Association, 1931. 





This is a brief summary upon first 
aid, excellently prepared and_ thor- 
oughly worth while as a text for first 
aid organizations in many different 
industries. It is a pleasure to com- 
mend the very useful activity of the 
National Electric Light Association, 
through whose foresight the book is 
issued.—C. K. Drinker. 





